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Effects of antigen presentation on superantigen-induced apoptosis mediated
by Fas/Fas ligand interactions in human T cells
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SUMMARY

Stimulation of T cells with bacterial superantigens has several distinct functional outcomes
including proliferation, anergy and apoptosis. At present however, the mechanisms that dictate
whether activation, anergy, or apoptosis predominate are unclear. In this study we have
investigated the effects of superantigen presentation to mature superantigen-reactive human T-cell
lines. Despite expressing major histocompatibility complex (MHC) class II molecules, these lines
failed to proliferate in response to superantigen in the absence of antigen-presenting cells (APC)
but proliferated when minimal APC were added. In the absence ofAPC a significant proportion of
the T cells underwent apoptosis. This response was rapid, antigen dependent and largely abolished
by the addition of cyclosporin A. Interestingly the response was not blocked by the addition of a

number of antibodies to cell surface molecules including MHC class II and intracellular adhesion
molecule- 1. Using both a bioassay and messenger RNA analysis we were able to demonstrate that
stimulation of these T cells with superantigen resulted in the induction of Fas-ligand expression on
the T cells and furthermore, the ability of these cells to induce apoptosis was inhibited by the
addition of blocking Fas antibodies as well as a Fas-Fc fusion protein. These data demonstrate
that stimulation of T cells with staphylococcal enterotoxin B induces expression of Fas-ligand
resulting in T-cell apoptosis; however, the final outcome of proliferation or apoptosis is
determined by the presence of APC.

INTRODUCTION

Following recognition of foreign antigens on the surface of
antigen-presenting cells (APC), T lymphocytes become acti-
vated and proliferate in order to provide immune effector
functions. The co-ordination of both antigen-derived and non-
antigen-derived (costimulatory) signals is critical to the
activation process and it is apparent that dysregulated
activation can result in both antigen-specific unresponsiveness
(anergy) and programmed cell death of T cells. 1-3 The
regulation of activation versus activation-induced cell death is
therefore critical in the development of an effective immune
response.

Recently it has become clear that one cell surface molecule
which plays a role in the apoptotic death of T cells is the Fas
antigen (CD95).i This molecule is a 43 000 molecular weight
surface glycoprotein with homology to CD40, tumour necrosis
factor and nerve growth factor receptors.5 It has been estab-
lished that engagement of the Fas antigen by cross-linked
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monoclonal antibodies4 and its defined ligand6'7 induces
apoptosis, however, there is also evidence that under certain
circumstances Fas may provide costimulatory signals which
enhance T-cell responses.8 Thus it is possible that engagement
of Fas antigen by Fas-ligand (Fas-L) may be interpreted as an
apoptotic or proliferative signal depending on the context of
engagement. This variation in outcome may result from either
differences in level of surface Fas expression, the state of
differentiation of the responding cell, or the co-ordinated
provision of other signals which prevent apoptosis. In this
respect, human T cells substantially increase Fas expression
following T-cell activation as well as down-regulate survival
factors such as bcl-2, the net result being an increased
susceptibility to apoptosis in activated T cells.9"0 This is
consistent with a role for Fas in down-regulation of peripheral
T-cell responses as seen in murine studies which show that the
role of the Fas antigen may be at the level of activation-driven
suicide of mature T cells as opposed to a role in thymic
deletion. 1" Accordingly, T cells from lpr or gld mice (which lack
functional Fas and Fas-L respectively) are resistant to
activation-induced cell death.12-14 Recently the ligand for Fas
has been identified6 and whilst detailed studies on expression
are awaited, evidence based on analysis ofmRNA suggests that
Fas-L may be restricted to T cells and may participate in the
activation-induced cell death of T cells.'156 These findings
prompt the question as to how apoptosis is prevented since
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both Fas and Fas-L would appear to be up-regulated during
T-cell activation.

To address this issue we have investigated the effect of
antigen presentation on T-cell responses using the superantigen
staphylococcal enterotoxin B (SEB). Several studies in mice
have used SEB to study both anergy'7 and activation-induced
death,'8 of peripheral T cells which express defined T-cell
receptor (TCR) subsets, predominantly V#8 +. Using this
approach it has been demonstrated that following a prolifer-
ative phase which results in T-cell expansion, T cells subse-
quently disappear from the circulation as a result of
apoptosis.'8" 9 However, the mechanism by which apoptosis
occurs is as yet unclear, particularly in respect of the
presentation of the antigen. In the present study we have
investigated the response of mature human T cells to SEB in
the presence or absence of APC. We found that the addition
of antigen with transfected APC expressing HLA-DR and B7
molecules was sufficient to result in proliferation of these lines.
In contrast, we observed that addition of superantigen to
activated T cells directly, in the absence of APC, resulted in
apoptosis. Furthermore, our experiments show that the
addition of superantigen causes an up-regulation of Fas-L
and that this is responsible for the antigen-induced death. Thus
T cells may either proliferate or undergo apoptosis in response
to a superantigen depending on the nature of antigen
presentation.

MATERIALS AND METHODS

T-cell lines
SEB-reactive T-cell lines were established from peripheral
blood of healthy donors. Mononuclear cells were isolated by
density gradient centrifugation incubated with 1 pg/ml SEB,
after 4 days the cells were given fresh medium (complete
medium: RPMI-1640 + 10% fetal calf serum (FCS), penicillin
and streptomycin) and interleukin-2 (IL-2; 100 U/ml) as
required. After day 14, lines were restimulated with super-
antigen 1 Mg/ml presented by fixed CHO-DR4-B7 transfectants
and following a further 5 days in culture purified on Ficoll to
remove dead cells. Lines were then used in proliferation and
apoptosis assays.

SEB-induced death
SEB was added to 1 x 106 cells at the concentrations and times
shown and the cells were incubated at 370 in complete medium
in 24-well plates. After treatment, cells were fixed in 70%
ethanol in phosphate-buffered saline (PBS) and stained with
propidium iodide for analysis of DNA content by flow
cytometry as described by Darzynkiewicz et al.20 Briefly,
following treatment with SEB 5 x 105 cells were fixed for 1 hr
in ice cold 70% ethanol/PBS. Cells were then pelleted and
resuspended in 500 ul of PBS containing RNAase (20 Mg/ml)
and incubated at 370 for 1 hr. Propidium iodide was added to
1 yug/ml and the cells were analysed by flow cytometry for the
presence of a sub-Go DNA peak. Blocking antibodies were
added at the start of the cultures at a final concentration of
10 g/ml. Cyclosporin A (CsA) and ionomycin were used at the
concentrations indicated.

T-cell proliferation
Fifty thousand T-cell blasts were stimulated by the addition of

SEB at the concentrations shown, in the presence of transfected
DR4, DR4-B7 or control CHO cells. Chinese hamster ovary
cells expressing human leucocyte antigen (HLA) DR4 mole-
cules and coexpressing the costimulatory molecule B7 were
generated as described previously.2' CHO cells were fixed for
2min in 0 025% glutaraldehyde, then washed extensively in
complete medium before being added (1 x 104/well) in 96-well
plates. After 72 hr of culture, wells were pulsed for 16 hr with
0-5 yCi [3H]thymidine, harvested onto glass fibre filters and
counted by scintillation counting.

Monoclonal antibodies
The following antibodies were used as either staining reagents
or blocking reagents at 10 yg/ml: OKT 11 (anti-CD2), UCHT1
(anti-CD3), HB8784 (anti-CD25), 9.3 (anti-CD28), L243 (anti
HLA-DR), BBl (anti-CD80), CH 1I (anti-Fas CD95), TS2/9
(anti-CD58), 15 2 (anti-CD54) and 38 (anti-LFA-1). The anti-
Fas antibody M3 was a generous gift from Dr D. Lynch
(Immunex, Seattle) and was used at 3 pg/ml. Staining was
detected by addition of fluorescein isothiocyanate (FITC)-
conjugated anti-mouse polyvalent immunologlobulins (Sigma)
and analysed by flow cytometry.

Fas-ligand bioassay
Fas-sensitive Jurkat cells (1 x 107) were labelled with 1 mCi
Na 5'Cr for 2 hr at 370 in complete medium. Cells were

washed extensively in complete medium and used at 5 x 104/
well in a 96-well plate. Fas-L expressing T cells were incubated
with the Jurkat cells at the ratios shown in the presence or

absence of SEB at 1 pg/ml for 16 hr, with either a Fas-specific
monoclonal antibody or Fas-Fc protein as inhibitor. Inhibi-
tors were used at the concentrations shown in Fig. legends. The
% specific killing was calculated as observed release - sponta-
neous release/maximum spontaneous release x 100. Maximum
release was measured by adding 1% nonidet P.40 to the
cultures.

Reverse transcription-polymerase chain reaction for
Fas-ligand
Fas-ligand messenger RNA was detected using a reverse

transcriptase-polymerase chain reaction (RT-PCR) assay.
Briefly, RNA was isolated by the method of Chomczynski &
Sachhi.22 Five hundred nanograms of RNA was reverse

transcribed for 1 hr. Subsequently, 2 yl of the resulting cDNA
was subjected to PCR using the primers 5' GTTTGCTG-
GGGCTGGCCTGACT 3' and 5' GGAAAGAATCCCAAA-
GTGCTTC 3' as the forward and reverse primers respec-

tively. Thirty cycles were carried out at 940 (1 min), 550
(-5 min) and 720 (1 5 min). As a control for reverse transcrip-
tion and PCR, the following primers 5' GGTGAAGGTCG-
GAGTCAACGG 3' and 5' GGTCATGAGTCCTTCCAC-
GAT 3' were used to amplify the GAPDH gene. Finally 10% of
the reaction product was analysed on a 1% agarose gel and
visualized by ethidium bromide fluorescence.

RESULTS

Class II positive T cells require APC for proliferation

During studies of the accessory molecule requirements ofAPC
in activating T cells, we observed that superantigen-reactive
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Table 1. Phenotypic analysis of T cells from two representative
SEB-reactive cell lines. Cells (2 x 105/antibody) were removed
from culture and washed in PBS. Cells were resuspended in the
antibodies shown above for 45 min at 00, washed in PBS and
detected with anti-mouse FITC. Cells were analysed for FITC
fluorescence using a Becton Dickinson FACStar Plus using a
60mW 488 nm Argon laser. Cells were analysed for mean
fluorescence intensity (MFI) and percentage positivity (% cells)
above a region set at the 95 centile of the negative control

Line 1 Line 2

Antibody MFI % cells MFI % cells

NEG 2 3 6 7 3 3 2 7
CD2 424 998 1129 994
CD3 569 99 6 36-6 97-0
CD4 24 7 89 3 35 6 88 9
CD25 20-1 270 101-2 97 2
CD28 120 739 155 469
HLA-DR 26 3 370 63-7 71 0
CD95 25 9 97 6 28-3 98-1

T-cell lines had a high dependence on APC in order to
proliferate. To study these effects further, T cell lines were

generated which were reactive to SEB and which possessed the
phenotypes of activated T cells (shown in Table 1). These lines
were then restimulated with SEB in the presence or absence of
transfectants expressing class II MHC molecules. Despite
expressing HLA-DR molecules, the T-cell lines did not
proliferate to superantigens added to the culture in the presence

of control CHO cells. However the addition of both HLA-DR
and particularly HLA-DR-B7 expressing transfectants restored
the response to SEB indicating that the cells were both antigen-
specific and capable of a proliferative response to antigen
(Fig. 1). This experiment suggested that whilst presentation
through HLA-DR on transfectants was capable of stimulating
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Figure 1. Proliferative response of T-cell lines to rechallenge with
SEB. T cells (5 x 104) were stimulated by the addition of pg/ml SEB
(hatched bars) or no antigen (dotted bars), in the presence of x 104
transfected CHO cells as APC. Responses are shown as c.p.m. [3H]-
thymidine incorporation. Data are representative of five experiments.
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Figure 2. Induction of apoptosis by superantigen. (a) DNA histograms
of T cells treated in the absence (solid line) or presence (dashed line) of

pg/ml SEB for 16 hr; percentage apoptosis was measured as

accumulation of DNA in the sub-Go region (MI). (b) Dose response

of T cells to addition of SEB for 16 hr; the percentage apoptotic cells
accumulated in the region Ml were then measured as above. (c)
Kinetics of apoptosis induced by SEB; 1 yg/ml SEB was incubated with
the T cells, samples removed for assay at the time indicated and the
assay stopped by fixation in ethanol. DNA was assayed for the
appearance of sub-Go DNA as above. Data are representative of six
experiments.

proliferation, the engagement of superantigen directly by T
cells did not result in proliferation, despite the expression HLA-
DR molecules. We therefore investigated further the effects on
T cells of such non-prolifertive encounters with superantigen.

Superantigen induces rapid apoptosis in reactive T-cell lines

Since it had previously been observed in mice that super-

antigens could induce an array of responses including anergy
and apoptosis in T cells, we investigated whether our T-cell
lines displayed any of these features during non-proliferative
encounters with SEB. Using flow cytometric analysis of the
DNA content of the T cells, we observed a striking increase
in cells whose nuclei showed signs of apoptosis as a result
of the addition of SEB. Apoptotic features were seen as an

accumulation of DNA staining in a sub-GO-G, region of the
DNA histogram, reflecting condensation and degradation of
the nuclear DNA (Fig. 2a). The addition of SEB to T cells
resulted in a dose-dependent response leading to apoptosis of
up to 40-50% of the T cells at 10 pg/mi (Fig. 2b). Furthermore,
an investigation of the kinetics of this response revealed that
nuclear changes were observed after as little as 1 hr following
addition of antigen reaching almost maximal response after as

little as 4 hr (Fig. 2c). These features were highly consistent with
an apoptotic response and we concluded that the addition of
superantigen directly to the T-cell cultures caused the rapid
induction of apoptosis.

Apoptosis depends on a calcium-mediated signal

Given that SEB is known to induce activation signals via
engagement of the T-cell receptor we wished to establish
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Figure 3. (a) Effect of CsA on SEB-induced apoptosis. CsA was added
to T cell cultures 30 min prior to SEB (1 yg/ml) and the cells were

incubated for 16 hr. (b) The effect of ionomycin on the induction of
T-cell apoptosis. Apoptotic DNA was measured as in Fig. 2. Data are

representative of two experiments.
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whether apoptosis of our T cells involved this route. To further
study the mechanism involved we investigated the effect of
agents which either inhibit or mimic signalling via the TCR
receptor such as CsA and ionomycin. Using this approach it
could readily be seen that apoptosis induced by SEB was almost
completely sensitive to inhibition by cyclosporin (Fig. 3a). This
clearly indicated a role for a calcium/calcineurin-mediated
signal in the induction of apoptosis by SEB supporting the
involvement of the TCR in the induction of cell death.
Consistent with this finding was the observation that SEB-
induced apoptosis could be mimicked by the addition of the
calcium ionophore ionomycin (Fig. 3b). Both of these experi-
ments clearly suggested that an intracellular calcium signal was
important in the induction of apoptosis by SEB.

Apoptosis is not inhibited blocking cell adhesion

In order to analyse whether T-cell contact was an important
feature of apoptosis in response to SEB, we performed
antibody blocking experiments in an attempt to prevent
apoptosis (Fig. 4). Suprisingly, of the antibodies tested, none

were particularly effective in inhibiting cell death. The most
effective were those against adhesion molecules LFA-1 (38-1)
and LFA-3 (TS2/9). This suggested however, only a limited
involvement of cell contact in the induction of apoptosis in this
system. Perhaps most suprisingly an antibody against the
HLA-DR molecule was also ineffective indicating that pre-

sentation of superantigen through HLA-DR on T cells might
not be necessary in to induce apoptosis. The above experiments
led us to conclude that the response to SEB did not necessarily
involve antigen presentation to T cells but possibly activation
of T cells via a direct interaction of the SEB molecule with the
TCR resulting in a calcium signal.

Apoptosis is mediated by a Fas/Fas-ligand interaction

Since ligation of the Fas antigen has been shown to induce
apoptosis in T cells, we sought to investigate the role of Fas and
Fas-L in the death of our T-cell lines. Accordingly we deter-
mined whether Fas-L might be present or induced on the
surface of our activated T cells as a result of superantigen
stimulation. Using a sensitive 5'Cr-release assay, Jurkat cells
were labelled and used as Fas-sensitive target cells to measure

Fas ligand on activated T cells. Chromium release was then
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Figure 4. Effect of antibody blocking on SEB-induced apoptosis.
Monoclonal antibodies to the following surface molecules: HLA-DR
(L243), lymphocyte function-associated antigen-3 (LFA-1) (381),
intracellular adhesion molecule-i (ICAM-1) (15 2), CD2 (OKT11),
LFA-3 (TS2/9), were added (10pg/ml) at the start of culture and
incubated for 16 hr in the presence of SEB. Apoptosis was measured as
given in Figu.2. Data are representative of two experiments.

used to measure the degree of killing of Jurkat cells by the T cell
lines and the effect of a blocking anti-Fas antibody and a

recombinant Fas-Fc protein used to measure the specificity of
cell death (Fig. 5). This experiment clearly showed the presence
of Fas-L induced on the T cell blasts as a result of SEB
stimulation (Fig. 5a), as well as a degree of basal expression in
some lines (Fig. 5b) which was further increased on SEB
stimulation. In addition, the death induced by Fas-L expression
was clearly inhibited by the addition of the anti-Fas and Fas-L
reagents, confirming that the cytotoxicity was due to engage-

ment of Fas by the activated T cells. We therefore concluded
that SEB activation resulted in the up-regulation of Fas-L on

SEB blasts which could then induce cell death in Fas-positive
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Figure 5. Fas-ligand expression on SEB-activated T-cell blasts. Two
independent T-cell lines (panels a and b) were assessed for the ability to
induce apoptosis in 5'Cr-labelled Fas-sensitive Jurkat cells at various
effector to target ratios. Labelled Jurkat cells were co-incubated with
T-cell blasts in the presence (hatched bars) or absence (dotted bars) of
SEB. The blocking effects of 3 pg/ml ofan anti-Fas antibody, M3 (black
bars) or 1/10 dilution a recombinant Fas-Fc protein (grey bars, panel b
only) were measured. Data are representative of four experiments.
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Figure 6. Induction of Fas-L mRNA in SEB-reactiv
RNA was extracted and subjected to RT-PCR for Fa
and GAPDH (lanes 7-11). T-cell blasts 5 x 106, were s
SEB (1 pg/ml) for 0 hr (lanes 1 and 7), 1 hr (lanes 2 and
and 9), 3 hr (lanes 4 and 10) and 4 hr (lane 5 and 11). F
cDNAs are shown in lanes 6 and 12. Molecular we

(0 x 174/HaeIII) are marked M.

target cells. In addition to these findings we alF
FACS analysis of DNA on the T-cell blasts
underwent apoptosis in response to SEB. Thi
also confirmed that the appearance of a sub-Go D
prevented by the addition of the M3 antibo(
shown).

Finally to establish that the kinetics of Fas-L
were consistent with the kinetics of apoptosis ini
blasts were stimulated with SEB and Fas-L mRI
measured by RT-PCR. This showed (Fig. 6) tI

stimulation with SEB the messenger RNA fo
detectable within lhr of stimulation, reaching a

approximately 4hr. This data confirmed the abi
blasts to rapidly upregulate Fas-L mRNA, consi,1
rapid expression of this molecule in T cells
apoptosis.

DISCUSSION

In order to generate an effective immune respons
cytes require the co-ordinated presentation of anti
ation with costimulatory signals. Engagement
receptor in the absence of costimulation leads
outcomes which may include anergy and apopt
larly in activated cells. However, at present it is
molecules are involved in the induction of these n

or how they are regulated. Interestingly in many (
in which T-cell anergy results, the same stimuli c

considerable apoptosis,2 23'24 this, coupled with th
that Fas-defective mice have altered tolerance n

suggests that here may be an overlap betweer
apoptosis. In this study we have investigated t
outcomes following presentation of the superan
activated human T cells in the presence and absi
Predictably, superantigen-primed T cells were cap
ous proliferative responses to the superantigen w]

by minimal APC expressing HLA-DR or I
However, in contrast, the addition of the super

induced T-cell apoptosis. This result was somewhat suprising in
that the human T-cell lines used also expressed HLA-DR
molecules yet were incapable of mounting a proliferative
response to antigen. Thus the resultant apoptosis appeared to
be a feature of T-cell antigen presentation.

The ability of T cells to present antigen to other T cells has
_ 827 bp been the source of controversy over a number of years. In many
_ 603 bp instances MHC class II positive T-cell lines become tolerant

following the addition of antigenic peptide.26-29 However, in
other cases T cells appear to be useful APC capable of
expressing costimulatory molecules30 and stimulating allo-
responses.3132 In general, however, stimulation of T cells with
anti-CD3 antibodies, peptides and superantigens frequently
results in anergy and apoptosis.2623242933 Recently it has
become clear that in these systems the above stimuli are

e T-cell blasts. sufficient to induce the Fas-L expression on T cells, an event
,s-L (lanes 1-5) which is prevented by the addition of CsA34 in what appears to
stimulated with be the major mechanism for activation-induced cell death in
8), 2 hr (lanes 3 T cells.16'35 Clearly these results are consistent with our findings
Nlasmid control of SEB-induced Fas-L expression.
ight standards One major question prompted by our studies is why do T

cells undergo apoptosis in response to superantigen alone but
proliferate in response to transfected DR4 and DR4-B7 APC.

so performed Given the strong response to the DR4-B7 transfectants, one
swhich also possibility is that B7-CD28 interactions provide a costimulus

is experiment which overrides the Fas death signal allowing proliferation.
INA peak was This is attractive considering the role CD28 plays in preventing
NA peakwasno the induction of anergy36 and the observation that CD28 candy (data not

up-regulate the Bcl-XL gene which is protective from Fas-
induced apoptosis.37 Since we observe some proliferative

up-gulation,S recovery by the addition of DR4-positive transfectants alone,duction, SEB this may not be the sole mechanism. An additional possibility is
NIA induction

that the CHO-DR or CHO-DR-B7 transfectants provide an
rat following alternative, possibly more efficient target for antigen presenta-
maximum at tion to T cells. The levels of major histocompatibility (MHC)
ility of T cell class II on these cells are considerably higher than that on T
stent with the cells and they may bind more free superantigen thereby limiting
utndergingthe

its effects on the T cells. Thus transfected APC may provide a
Fas-L- presenting cell which can induce T-cell proliferation
instead of apoptosis. The implications of this finding are that
activated, Fas-sensitive T cells may proliferate or undergo
apoptosis depending on the nature of the APC they encounter.

se, T lympho- It will therefore be of considerable interest to determine the
gen in associ- expression of Fas-L on professional APC such as dendritic cells
of the T-cell and monocytes. Clearly, since human T cells are equipped to
to 'negative' present antigen by expression of MHC class II molecules, the
tosis, particu- presentation of antigen by T cells may serve as a mechanism of
unclear which down-regulating T-cell responses as previously suggested.38
iegative states Evidence from our antibody blocking studies suggested a
of the systems suprising lack of involvement of HLA-DR expressed by T cells
-an also cause in the apoptotic response. This may be explained by the fact
te observation that SEB has previously been shown to be capable of
nechanisms,25 interacting directly with the TCR, in the absence of MHC
a anergy and molecules.39 In these studies this interaction was suggested to
:he functional be capable of inducing anergy in T cells, by delivery of a
Ltigen SEB to calcium signal. Clearly the concept of SEB interacting directly
,ence of APC. with the TCR and causing a calcium signal is consistent with
)able of vigor- our findings and this mechanism may be significant in mice
hen presented where T cells undergo apoptosis in response to superantigen
HLA-DR-B7. but do not express MHC class II molecules.'9'33 In addition,
antigen alone activation of the TCR has previously been shown to increase
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adhesion via lymphocyte function-associated (LFA-1) mole-
cules.40 Thus the addition of superantigen may serve to
generate a signal capable of inducing expression of Fas-L as
well as promoting T cell aggregation. This would then explain
the partial sensitivity of apoptosis to anti-adhesion molecule
antibodies but not to HLA-DR antibodies. Whilst SEB binding
to T-cell MHC is not precluded in this model, inhibition of
MHC molecules alone would not be sufficient to prevent
apoptosis.

Our finding that ionomycin also induces apoptosis may also
be explained by the fact that activated T-cell blasts can
proliferate in response to ionomycin alone following antigenic
stimulation. This presumably reflects synergy between the
calcium signal and pre-existing factors generated as a result of
full activation, sufficient to allow up-regulation of Fas-L. How-
ever, in contrast with proliferative outcomes, the induction of
Fas-L leads to death in Fas-sensitive T-cell lines.

Given that it is clear that activated T cells up-regulate Fas
thereby increasing their susceptibility to apoptosis, and express
Fas ligand, regulation of Fas-induced death would appear
critical in order that effective T cell responses could be
established. Such protection may occur at several levels.
Firstly, the level of Fas in resting T cells may be insufficient
to cause apoptosis thereby necessitating up-regulation before
apoptosis can be induced. Secondly, whilst Fas expression may
be sufficient there may be other factors required (possibily
associated with T-cell differentiation/maturation) to initiate the
death outcome in response to Fas engagement and evidence for
such an effect has been reported.9'41 In line with this possibility
we have also observed several T-cell lines which are clearly
resistant to both SEB and anti-Fas induced death despite
expression of the Fas antigen. Thirdly there may be other
factors which allow rescue from Fas-L up-regulation or Fas-
induced apoptosis. In this respect expression of costimulatory
molecules by T cells such as B730 may prove important. Recent
data from Yang et al. has recently shown that both
dexamethasone and retinoic acid can block CD3-induced
Fas-L up-regulation, thereby indicating that some signals are
capable of suppressing Fas-L expression. Clearly all of the
above mechanisms may provide effective escape from Fas-
driven activation induced cell death and further work is now
required to understand the response of T cells to encounters
with both antigen and Fas-L.
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